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Vitrimers based on aromatic disulfide exchange

As a model metathesis reaction, we
studied the equilibration of equimolar
amounts of different aromatic disulfide
mixtures by 1H-NMR.

A. Rekondo, R. Martin, A. Ruiz de Luzuriaga, G. Cabafiero, H. J.
Grande and |. Odriozola, Mater. Horiz., 2014, 1, 237-240




) Epoxy vitrimers based on aromati'c\disulfide
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) Epoxy vitrimers based on aromatic disulfide
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Characterization of the stress relaxation by DM
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* At temperatures above Tg, the dynamic epoxy
network is able to completely relax stress and flow.

* The obtained relaxation times ranged from 3 hours at
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A. Ruiz de Luzuriaga et al., Material Horizon,
2016, 3, 241.
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) Epoxy vitrimers based on aromatic disulfide

The dynamic character of the epoxy network offers new challenges:

/ v Reparable thermoset resins \
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v a small scratch performed on a specimen was repaired
just by applying heat a pressure with a household iron
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Recyclable thermoset resins
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A. Ruiz de Luzuriaga et al., Material Horizon,

2016, 3, 241.



> Epoxy vitrimers based on aromatic disulfide

The dynamic character of the epoxy network offers new challenges:

v" Recyclable thermoset resins \\
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Figure S10. Stress vs. strain curves of reference epoxy network 4 (black trace). dynamic
epoxy network 3 (red trace) and recycled dynamic epoxy network (blue trace).

A. Ruiz de Luzuriaga et al., Material Horizon,
2016, 3, 241.




Dynamic fibre reinforced thermoset composites

3R Composites

A new generation of Reprocessables
Repairable and Recyclablethigh-
performance fibre=sréinforced
thermosetscomposites.

TFhey can be manufactured following
#fraditional methods but the resulting
material can be reprocessed, repaired
and recycled.



Dynamic fibre reinforced thermoset composites

> 3R Composites:
Reprocessing,

3R composite laminates can be heated above the Tg and re-
shaped in a few minutes applying pressure, which allows the
thermoforming of cured 3R laminates to obtain 3D geometries,
in a similar way to thermoplastic ngposites.

\

This technology enab
production rate manu
thermoset composites
manufacturing cost
over 35% vs autoclay
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Dynamic fibre reinforced thermoset composites

> 3R Composites:

Repairing,

reducing the
current costs
of MRO.
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) Dynamic fibre reinforced thermoset composites

> 3R Composites: Mechanical recycling: the cured 3R composite can be ground into |

flakes or pellets which can then be reprocessed by heating 80°C above
the Tg and pressing, obtaining a new short fibre reinforced 3R composite.

Recycling
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Dynamic fibre reinforced thermos‘e%:omposites

> 3R Composites: _ _ : _
Chemical recycling: the 3R matrix can be completely

disrupted by the addition of a specific chemical agent
without affecting the reinforcement.

Recycling

a) NaOH 1N HCI THF Toluene Acetone Ethanol
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— | & ThermoformAble, repalrable and bondable smaRt ePOXY
AIRPOXY based composites for aero structures
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@ ThermoformAble, repalrable and bondable smaRt ePOXY &
based composites for aero structures AIRPOXY

Integration of parts
IDEC (Adhesive bonding)
OUI’ ro I e. Transverse stiffener
Skin IDEC (RTM|
IDEC (RTM)

Longitudinal stiffener
EIRE (thermoforming)

CIDETEC acts as coordinator of the AIRPOXY project. Apart
from this role, CIDETEC is in charge of several key technical
tasks and activities, including:

- Formulation of 3R resins for aerospace composites. 0

- Formulation of 3R adhesives for aerospace applications. Integration of parts
EIRE (Welding)

- Fabrication and characterization of 3R aerospace Nose

. SONACA (SQRTM) [
composites. R

\"-4/>'¢';"w - ‘v, Webs
) ) / € & ERE(Thermoforming)
- Development of the 3R adhesive bonding process. N - T
_ . . T

- Support the industrial partners regarding 3R technology. | 22m |




) Novel chemical recycling process of 3R composites

> 3R Composites:

Recycling Chemical recycling process

composite ered fabric 3R resin solution



> Novel chemical recycling process of 3R composites

> 3R Composites:

FE-SEM analysis of the recovered fabric

Recycling Recovered fabric

after 4h

Recovered fabric
after 8h




) Novel chemical recycling process of 3R composites
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> 3R Composites: .
P Recovered 3R resin

Recycling

Virgin 3R resin v

Resina virg gen

Tg=1152C Tg= 109 C
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